INTRODUCTION
Since the discovery of pregnancy reversal by Dale) and Cushny,2) it is widely believed that progesterone plays a cardinal role for the maintenance of pregnancy in mammals by keeping the estrogen-dominated uterus quiescent and hyposensi tive to any given stimulation till term. If so, what is the mode of action of pro gesterone on the uterine muscle?
Taking advantage of findings and methods used in skeletal muscle physiology,a) Csapo4,5) recently has performed considerable investigations on the influence of ovarian hormones to the structure and the function of uterine muscle. Among these, the stair-case phenomenon6) revealed a close relation to the hormonal status. The stair-case phenomenon, which was first described by Bowditch7) using frog heart and developed by Hajdu and St. Gyorgyi8), indicates that the maximum tension depends on the frequency of successive stimuli. According to Csapo et al. 6 .11) two types of stair-case were exhibited in rabbit uterine muscle; the positive and the negative stair-cases. The effects of ovarian hormones on the stair-case in myometrium are highly characteristic and while the estrogen-dominated uterus gives the positive stair-case, the negative stair-case appears in the progesterone-dominated uterus specifically.
It is therefore worthwhile to analyse the particular phenomenon with a hope that it will offer any suggestion to the mode of action of progesterone on the uterine muscle. The present paper reports some findings on the negative stair-case with a discussion about the mechanism by which these findings are exerted.
METHODS
White female rabbits weighing 1.5 to 2.5 kg. were spayed and left alone for about 2 weeks before the hormonal treatment. Of these rabbits , one group was important for the analysis of the uterine function than the observation of the negative stair-case alone.
Classification of the transitional phenomenon
This phenomenon can be classified into 4 types ( Fig. 2) : type A has no response at the 2nd stage, type B has a diminished response at the 2nd stage and type C is a lack of the 2nd stage, i.e. the 3rd stage is preceded directly by the 1st stage. It is not seldom to obtain type D, in which the 1st stage is not clear . This type was often observed in the case where the treatment with estrogen plus progesterone continued more than 2 weeks. These types are taken to be the same in properties and different only in the degree of progesterone effect . The mean time course of the 1st stage from three types (A, B , and C) was about 9 minutes, while the 2nd stage of type A was about 5 minutes .
Since the muscle of the 2nd stage in type A responded to adrenaline or 8 V/cm of electrical stimulation with maximum contraction, it is quite evident that the contractility still existed in this stage.
Comparison of the configuration of contraction in each stage
The duration of contraction cycle differs slightly in each stage. In the 1st and 2nd stage, the uterine strip reacts slowly to the electrical stimulation when it contracts and relaxes, resulting in longer duration of the contraction cycle. On the contrary, the strip in the 3rd stage and afterwards responds promptly to the stimulus, exhibiting rather sharp figure of shorter duration. To compare the maximal contraction height between the 1st and 3rd stage revealed that the latter was equal or sometimes greater to the former but rarely shorter.
The strength of stimulation An observation was undertaken on the effect of stimulatory strength to the transitional phenomenon. Some previous reports10,11) described that 2 V/cm of stimulus acts on the excitation system of cell membrane and 8-10 V/cm produces so-called myoplasmic excitation. In this experiment, the maximal contraction heights produced by 2 V/cm and 8 V/cm showed no significant difference, but the transitional phenomenon disappeared when the strength of applied stimula tion is 8-10 V/cm (Fig. 3) . It is considered from this fact that the properties of the excitable membrane are responsible to the transitional phenomenon. 
Direction of electrical stimulation
Usually, the direction of stimulation was parallel to the long axis of the strip (longitudinal), but transverse application of the stimulus gave a picture of better progesterone domination (Fig. 4) . Its cause is, at the present stage, obscure. 
Frequency and duration of stimulation
In case of electrical stimulation of smooth muscle, both of its frequency and duration are determining factors. The optimal frequency was found to be around 40 seconds and longer interval (ex. 80 seconds) disappeared the phenomenon, while doubled frequency of 20 seconds gave a beautiful demonstration of it, in A: control, the 1st interruption means the stage of no-response for 7 minutes and the 2nd one a train of small con traction for 6 minutes.
B: doubled frequency. C: half frequency. Fig. 6 . Effect of the duration of stimulation. A: duration of 5 seconds (the same figure to Fig. 2A) 
Portion-dependence
Experiments were carried out concerning the portion-dependence of the transitional phenomenon; the general rule that if any strip from a uterus showed the transitional phenomenon, the rest of the tissue also exhibiting it without fail and the time of the 1st stage to be nearly equal was established. Uterine horn could hold the phenomenon for longer and better than cervical region (Fig.  10) . Effect of potassium ion Depolarized uterine muscle produced by excess K ion in Krebs solution lost the characteristics for the phenomenon. This was occurred as little increase as 9 mM but K-free Krebs solution could maintain it even 30 minutes later . Another word, it is apparent that the status of the membrane polarization is a determining factor (Fig. 11) . below, 10 mM K solution.
Effect of calcium ion
Since Ca ion is believed to play an important role in the mechanism of excitation, contraction and excitation-contraction coupling, its effect on this phenomenon was examined by "Ca-free" and "2 times of Ca" Krebs solutions. As far as the particular phenomenon is concerned, it was held even 10, 30 and 120 minutes soaking and then stimulation in these specific solutions, proving Ca ion had little effect on it within this time (Fig. 12) . 
Effect of hypertonic and hypotonic solutions
In skeletal muscle, hypertonic solution is known to affect its excitation contraction coupling, resulting in their dissociation, and hypotonic solution to excitation system. Preparing hypertonic and hypotonic Krebs solutions by alter ing the content of NaCl to 2 times of normal or half of it, uterine muscle strip received stimulation in these solutions which revealed the transitional phenomenon could not be maintained in both media within 30 to 120 minutes (Fig. 13) . 
DISCUSSION
Many papers have been published concerning the mechanism of the hormonal control on uterine muscle from the physiological and pharmacological point of view,12-15) in which Csapo et al. recently reported that ovarian hormones act on the cell membrane of uterine muscle and change its excitability through alteration of some kind of ionic distribution, while they quantitatively change its actomyos in content in muscle cell. Goto and Csapo, 16, 17) using intracellular microelectrode technique, demonstrated the following; the membrane potential of the rabbit uterus in vitro is very small without giving any hormone treatment but estrogen injections to the rabbit enlarges its resting potential and establishes the normal excitation process but additional progesterone supplies brings about deeper resting potential, resulting in hyperpolarization block which leads to the decrease of excitability and to hyposensitibity of the muscle.
Marshall18) reported that the estrogen-dominated uterus showed increased rest ing potential, active and regular spontaneous contraction associated with large spike discharge and the localization of pace-maker area became evident around the uterine horn and cervix. Progesterone treatment to this condition turned the uterus to more increased membrane potential, i.e. because of this hyperpolariza tion, spike discharge was irregular showing abortive form and asynchronization of cellular function became dominant, while the localized pace-maker area disap peared.
These data added some new knowledges to the study of uterine muscle physiology that, for instance, the cause of the alteration of excitation by hormonal treatment is due to the effect on the membrane potential.
Although Csapo found that the progesterone-dominated rabbit uterus in vitro exhibited just opposite type of the stair-case, this was also demonstrated by Schofield19) in situ. Now, the uterus which presents the negative stair-case , so far only seen in its progesterone domination, is believed to be a very fine material to investigate the mode of action of hormones on uterine muscle, and this specific condition should be traced for longer period of time as the transitional phenomenon not as only the negative stair-case which corresponds to the 1st stage in this paper . The analysis of this transitional phenomenon revealed the following; based on the fact that myoplasmic excitation was not attended with this phenomenon , the excitation system of the cell membrane is thought to be the most responsible for it.
Then, what is the cause of this particular phenomenon? A speculation to answer the question is that hyperpolarized membrane potential at the begin ning increases the degree of the polarization and then depolarizes again by some unknown mechanisms; another word, a fluctuation of the membrane potential takes place during the presence of the phenomenon . Therefore one can presume why progesterone-superdominant uterus made by prolonged treatment with progesterone ( Fig. 2 D) showed no response to the electrical stimulation from the very beginning; greater progesterone block, namely superimposed hyperpolarization is considered to take place.
At the 3rd stage, cell membrane is re-activated, resulting in better function of carriers for Na, K, Cl, etc.20-24) If uterus is too greatly hyperpolarized by the prolonged application of progesterone, contractions in the 3rd stage and afterwards are very irregular in shape. But finally, the irregular contractions become regular. This may be due to a increased facility in conduction between adjacent cells and a shift of membrane potential to a certain optimal level .
The transitional phenomenon has no reproducibility presumably by the follow ing reason: the initial experiment has changed the membrane potential from the hyperpolarized level to some optimal level and to rest the muscle strip did not help to produce the hyperpolarization again.
The stock of uterine strip is thought to shift the membrane potential to depolarization, which finally brought about the disappearance of the transi tional phenomenon.
Experiments of the effect of frequency and duration of stimulation also suggest that membrane potential and carrier activity are closely dependent to these factors; the more frequently stimulation is applied, the quicker change of the potential with accelerated carrier activity will take place which will consequently make every stages shorter in general.
As mentioned above, the transitional phenomenon is probably produced by the alteration of membrane potential in main, but to explain every data by this This work was suggested by Prof. Taizo Suzuki and was supported by the Grant to him from the Rockefeller Foundation (GA BMR 5693).
